

a: 2 coils generating torque b: 2 coils generating radial force 

Fig.A.l 



conductor placed in one slot b: assumption that conductor is placed 

in the air gap 

Fig, A J 
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Fig. AA: force acting on one conductor placed in the airgap 




Fig A J: action and reaction rule, force acting on the magnet due to current flowing 
through the conductor placed in the airgap. 




Fig 4. 6: projection vftk efrr cc on the x wuJy uxL 




Fig. A, 7; 2 forces acting on the magnet when one coil is placed in the a&gap. 




Fig. Ariil: 3 phase winding generating torque for a 8 poles 12 slots motor 
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Fig. Artt; one rotating radial force. 
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Fig ±t£: 2 rotating radial forces in quadrature. 



CCD phase 1: +1-3+5-7+9-11 CCD pbase2 +2-4+6-8+10-12 
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Fig. Arf$: 2 phase winding generating 2 radial farces in quadrature, coil-opening of I slot. 



O pbasel: +1 -3 +5 -7 +9 -11 




Fig. Ad$: 2 phase winding generating 2 radial forces in quadrature, coil opening of 2 slots. 



p-a = p«£2-t 




a: 2 rotating forces in quadrature. b: 3 rotating forces separated by 120° . 

Fig.^SS 



motor structure with 2 magnetic circuit 




E ig AM : 2 rotating radial forces in quadrature. 
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FigrA£5: projection of the radial force vector onto the vectors ofthefc 
generated by phases J and 2. 




Figr^CSS: bloc diagram of the phase 1 current calculation (expression (a.59)). 
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Fig. M8&: electronic solution processing one trigonometric function and one multiplication. 
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-Fig-i^fft' electronic solution 1 generating the EPROM addresses 
as a Junction of the rotor position. 
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Fig id. electronic solution generating the EPROM addresses as a Junction of the rotor 
position, with phase delay adjustment possibility ^ ■ 
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Fig. A Mi-Timing diagram corresponding to the electronic solution of Fig AA2. 




(a) Practical circuit of three- 
phase bipolar driven motor, and 
arrangement of Hall elements; 
the numbers in J ] correspond 
to waveform numbers in Fig. 



Hall element ' 



Fig. A.44: Using a transistor command signal of the motor driver to generate one pulse 
electrical period 
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Fig.ste45: Using a transistor command signal of the motor driver to generate one pulse 
electrical period, timing diagram. 
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Fig Ar46: final bloc diagram of the electronic supply of the 2 phase winding generating radial 
force. 




&9 

Fig. Ar4¥: phase delay effect on the radial force direction. 




Fig. Arf€: harddrive spindle motor. 
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F/g. w4r=#; measurement of the response to a rotating radial force excitation. 
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Fig. ArSt: excitation of the forward gyroscopic mode, measure of the NOR components of 
a and p, measure of a signal giving one pulse per revolution. 
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Ffg. AfS2: excitation of the forward gyroscopic mode, 
Lissajou figure of the NRR components of a and p. 
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Fig A£3: excitation of the backward gyroscopic mode, measure of the NRR components of a 
and p, measure of a signal giving one pulse per revolution. 
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Fig. -a4r£?; excitation of the backward gyroscopic mode, 
Lissajou figure of the NRR components of a and p. 
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Fig rotor motion in plan xz. 



d [radian] 





0.00002 








). 000015 








0.00001 








-6 

|5^10 


J 





4000 -2000 



3? 



2000 4000 



© [radian /s] 



Fig. AM: Bode plot of the a wave magnitude . 
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Fig. ArfT: Bode plot of the a wave phase delay . 
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Fig. A£8: Bode plot of the a wave phase delay including 
the effect of the synchronous mtdtiplier phase delay. 
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F/g. ^P: Bode plot of the a wave phase delay, including the temporal delay 
introduced by the current amplifiers and by the measure system. 
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Fig. AM: correction of the temporal delay of the backward gyroscopic mode with the 
synchronous multiplier phase delay. 



